Depletion of leaf-type ferredoxin-NADP(+) oxidoreductase results in the permanent induction of photoprotective mechanisms in Arabidopsis chloroplasts.
Arabidopsis thaliana contains two photosynthetically competent chloroplast-targeted ferredoxin-NADP(+) oxidoreductase (FNR) isoforms that are largely redundant in their function. Nevertheless, the FNR isoforms also display distinct molecular phenotypes, as only the FNR1 is able to directly bind to the thylakoid membrane. We report the consequences of depletion of FNR in the F(1) (fnr1 × fnr2) and F(2) (fnr1 fnr2) generation plants of the fnr1 and fnr2 single mutant crossings. The fnr1 × fnr2 plants, with a decreased total content of FNR, showed a small and pale green phenotype, accompanied with a marked downregulation of photosynthetic pigment-protein complexes. Specifically, when compared with the wild type (WT), the quantum yield of photosystem II (PSII) electron transport was lower, non-photochemical quenching (NPQ) was higher and the rate of P700(+) re-reduction was faster in the mutant plants. The slight over-reduction of the plastoquinone pool detected in the mutants resulted in the adjustment of the reactive oxygen species (ROS) scavenging systems, as both the content and de-epoxidation state of xanthophylls, as well as the content of α-tocopherol, were higher in the leaves of the mutant plants when compared with the WT. The fnr1 fnr2 double mutant plants, which had no detectable FNR and possessed an extremely downregulated photosynthetic machinery, survived only when grown heterotrophically in the presence of sucrose. Intriguingly, the fnr1 fnr2 plants were still capable of sustaining the biogenesis of a few malformed chloroplasts.